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Using BEHAVE as a
Prescribed Fire Planning
Tool in Maintaining Oak
Savannahs

BEHAVE, a fire behavior prediction system
developed by the U.S. Forest Service in the
early 1980s, estimates several parameters
including fire rate-of-spread (ft/min,
chains/hour), flame length (ft), heat per unit
area (BTU/sq ft), fireline intensity
(BTU/ft/sec), reaction intensity (BTU/sq
ft/min) and effective wind speed (miles/hr).
Required input data for BEHAVE are mini-
mal: wind speed and direction, percent slope,
fuel moisture content and a fuel model num-
ber. The predictions and minimal inputs of
BEHAVE make this a useful learning and fire
management tool. BEHAVE inputs can be
easily changed to simulate fire behavior under
different conditions. The program is not a
substitute for experience, but it does give the
inexperienced person an idea of how fire
behavior will change when fuel, slope, wind
or fuel moisture changes.
Although BEHAVE is a useful learning and
fire management tool, BEHAVE s predictions
are limited by four assumptions: 

1. BEHAVE describes fire behavior in the
flaming front only,

2. BEHAVE describes fires advancing steadi-
ly, independent of the ignition source, 

3. BEHAVE describes fires spreading through
surface fuels, and 

4. BEHAVE assumes fuel, fuel moisture, wind
and slope remain constant during the pre-
diction period.

Assumptions 2 and 4 are frequently violated
under prescribed fire situations. Prescribed
fires are ignited using techniques which influ-
ence fire behavior and reduce the risk of the
fire escaping. In addition, fuel and weather
conditions may be extremely variable during a
fire event. 

The purpose of this project was to validate
BEHAVE s fire behavior predictions in estab-
lished oak savannahs using five fuel models.
Four of the 13 standardized fuel models eval-
uated (1-Tall Grass, 2-Timber and Grass, 3-
Short Grass and 9-Hardwood Litter) partially
fit the fuel characteristics of an established
savannah. A Customized Oak Savannah Fuel
Model (COSFM) was also developed and
evaluated against the BEHAVE models. Fire
behavior predictions were evaluated under
management conditions which violated
Assumption 2 and 4, thereby providing a
robust test of the model.

BEHAVE was validated using data from pre-
scribed burns in established savannah commu-
nities because these communities are managed
with prescribed fire and there is interest in
restoring and maintaining this community
type in Missouri. For this project, an 
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established savannah was defined as: 1) an
area that contains a herbaceous layer com-
posed of prairie and forest species, 2) an area
with or without a shrub layer, 3) an overstory
with between 10 and 80 percent crown clo-
sure, and 4) the area has a history of been
managed with prescribed fire. The study sites
encompassed a range of savannah conditions
which resulted in the wide range of overstory
crown closures. All study sites were located
south of the Missouri River within Knob
Noster State Park, Ha Ha Tonka State Park,
Meramec State Park, Taum Sauk Mountain
State Park, University Forest Conservation
Area, Peck Ranch Conservation Area, Bennett
Spring Savannah and the Mark Twain
National Forest near Fort Leonard Wood.

Input data required for BEHAVE were gath-
ered before the prescribed fire ignitions.
Weather, rate-of-spread and flame length were
gathered during the burns. Fuel information
was collected to develop the customized fuel
model for established savannahs. 

Results

Fuel model 2 (Timber and Grass) and the
Customized Oak Savannah Fuel Model
(COSFM) provided the most reliable predic-
tions of prescribed fire rate-of-spread (ROS).
Fuel model 1 (Short Grass) and 3 (Tall Grass)
consistently over-predicted ROS. Fuel model
9 (Hardwood Litter) consistently under-pre-
dicted ROS. 

Fuel model 2 and the COSFM provided rea-
sonable ROS predictions for both individual
and mean ROS. Ninety percent of individual
predictions using both fuel models were with-
in +/- 10 chains per hour (chns/hr) of the
observed ROS and 97% of the individual pre-
dictions using both fuel models were within
+/- 15 chns/hr of the observed ROS (Figure
1). The variability was due in part because the
model was developed to provide a general
estimate of fire behavior under model
assumptions.

To reduce this variability, mean ROS by site
was compared to BEHAVE predictions using
Fuel Model 2 and the COSFM and they were
found to be reasonable. Five of seven mean
ROS predictions using Fuel Model 2 were
within +/- 2 chns/hour of the observed mean
ROS. BEHAVE underestimated the other two
mean ROS observations by 6.8 chns/hr. All
the mean ROS predictions using the COSFM
were +/- 5 chns/hr (Figure 2). 

Conclusions

BEHAVE reliably predicts prescribed fire
mean ROS in established oak savannahs if the
appropriate fuel model is selected and accu-
rate information is entered. Fuel Model 2 and
the COSFM are appropriate for established
savannah fire behavior predictions while Fuel
Models 1 (Short Grass), 3 (Tall Grass) and 



9 (Hardwood Litter) were not appropriate.
Fuel model 2 is readily available within the
BEHAVE program. 

When using BEHAVE in established oak
savannahs or in other fuel situations, it should
be used as a tool to provide information to
fire managers so they can assess the likeli-
hood of meeting their burn objectives. 

Recommendations

To estimate oak savannah fire behavior in
Missouri with BEHAVE, we recommend:

1. Use Fuel model 2 within the BEHAVE pro-
gram,

2. Make multiple predictions using various
slope and wind data that are reasonable
considering the topography, weather and
fire prescription,

3. Estimate fire behavior for potentially
volatile areas within a burn unit,

4. Use BEHAVE on fuels adjacent to the burn
area to estimate fire behavior and suppres-
sion needs in case the fire escapes control
lines, and

5. If actual field observations are inconsistent
with model predictions then check the input
data. 

Using BEHA VE Models on Other
Than Oak Savannahs

The results of this study should not be broadly
applied to predictions using other fuel models
in other fuel types.

When BEHAVE is used under fuel conditions
where model reliability is unknown, do not
assume that the model s predictions are valid.
Estimate fire behavior and then compare the
observed to the predicted parameters. If the
input data is correct and the model predictions
are inconsistent with observed fire behavior,
the fuel model may be incorrect. Select 

another fuel model that resembles the fuel
type you are burning. Compare the fire behav-
ior predictions to observed fire behavior of
this second model. If the model is still incon-
sistent, repeat the process. Remember to be
flexible when using fuel models; fuel models
that are similar to the fuel conditions are most
likely to predict accurate parameters but when
similar fuel models are not working, experi-
ment with the other fuel models available
within the BEHAVE program.
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